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(57)Abstract: 

PURPOSE: To produce an active electrode area having the uniform 
plazma characteristics on a surface of an electrode, by making a 
length of a separative transmission line which connects a matching 
network and plural powered electrodes, almost equal to that of a 
quater wavelength transmission line. 

CONSTITUTION: In the case of four-electrode, the output of a 
matching network 102 fed by an RF power source 100, is fed to the 
quater wavelength coaxial lines 105-108 which distribute the power 
to the segmentized electrodes of the sections 1 1 1-1 14 of an 
earthed plazma reactor chamber 1 1 0. The electrodes are separated 
inside the reactor, at an interval 1 09 less than an interval of a dark 
space. A non-electrically conductive sheet 1 15 insulates the 
electrodes from a chamber wall, and supports the same, one edge 
of a shield of the coaxial lines is earthed on the chamber, and the 
other edge of the same is connected to a housing of the network 
102. The operating characteristic of the electrode construction is 
that the uniform plazma is generated throughout the whole 
connected surface area of four electrode segments. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the multi-electrode plasma reactor which is equipped with at least one separation transmission 
line connected between a reactor chamber, RF generator, the electric adjustment network connected to said RF 
generator, two powered electrodes or more arranged in said reactor chamber, and said adjustment network and 
each powered electrode, and is characterized by each transmission line having die length about equal to the 
quarter-wave length transmission line. 

[Claim 2] The two or more transmission lines are multi-electrode plasma reactors according to claim 1 
characterized by connecting with at least one electrode at juxtaposition. 

[Claim 3] The die length of each transmission line is a multi-electrode plasma reactor according to claim 1 or 2 
characterized by being in 5% of the die length determined experimentally [ the quarter-wave length 
transmission line ]. 

[Claim 4] The die length of each transmission line is a multi-electrode plasma reactor according to claim 1 or 2 
characterized by being in 2% of the die length determined experimentally [ the quarter-wave length 
transmission line ]. 

[Claim 5] at least one transmission line ~ a quarter-wave length line - it is — and at least one transmission line - 
- a 3/4-wave line — it is — the opposite pair of an electrode — an electrical potential difference — about 1 80 
degrees ~ a phase — shifting — **** — between counterelectrodes — the plasma — difference — a multi- 
electrode plasma reactor given in any 1 term of claim 1 to claim 4 characterized by exciting-like. 
[Claim 6] At least two electrodes are multi-electrode plasma reactors given in any 1 term of claim 1 to claim 5 
characterized by a gap sufficiently small in order to control formation of the plasma by inter-electrode 
dissociating. 

[Claim 7] It has the 1 st edge where each transmission line is electrically connected to said adjustment network 
at a common electrical installation point with other 1 st edge of other transmission lines. Each transmission line 
It has the 2nd edge connected to one of the electrodes. Each transmission line The power allocation system 
which has the multi-electrode plasma reactor of a publication in any 1 term of claim 1 to claim 6 characterized 
by having the die length about equal to lambda (2N+l)/4 which is N= 0, 1 and 2, and and is the wavelength 
of the electrical potential difference on which lambda has spread the inside of this transmission line. 
[Claim 8] each electrode is in phase and carries out an electric power supply ~ having — and the die length of 
each transmission line — K= 0, and 1 and 2 — formula which is ... Power allocation system which has the multi- 
electrode plasma reactor according to claim 7 characterized by being about equal to the value chosen from K 
lambda+lambda / 4. 

[Claim 9] each electrode is in phase and carries out an electric power supply — having — and the die length of 
each transmission line — L= 0, and 1 and 2 — it is ... formula Power allocation system which has the multi- 
electrode plasma reactor according to claim 7 characterized by being about equal to the value chosen from 
Llambda+31ambda/4. 

[Claim 10] It is the approach of generating the rear-spring-supporter equal plasma to a big electrode surface 
relatively in a reactor chamber. Establish and fit in two or more powered electrodes in a reactor chamber, and a 
powered electrode is estranged so that the gap below the dark space gap to the plasma formation conditions of a 
reactor chamber may be generated between the edge parts which each powered electrode adjoins. The approach 
characterized by providing the phase which supplies power to each powered electrode through at least one 
quarter- wave length transmission line so that the equal plasma may be generated over the joint front face of all 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to RF power allocation device and the approach of using the 
quarter-wave length transmission line by which fitting was carried out to each of two or more powered 
electrodes (powered electrodes) so that the power to each electrode might be especially equalized by the 
electrode of a plasma reactor system about the device and approach of supplying power. 
[0002] 

[Description of the Prior Art] Multiple electrode (it is hereafter called multi-electrode for short) structure is 
advantageous in a big plasma reactor, in order to acquire the plasma equally excited in reactor volume. 
However, equal allocation of the energy to each electrode is not attained easily. These technical problems are 
U.S. Pat. No. 4,381,965 and the 4,664,890th. A number and the 4,887,005th It has discussed in the number. 
U.S. Pat. No. 4,381,965 and the 4,664,890th A number deals with the approach of equalizing a reactor electrode 
impedance through the reaction component which can be external adjusted that inter-electrode equal power 
allocation should be attained. One fault of this technique is only what equalizes an impedance on the single 
plasma conditions which have [ power / a gas format, a pressure, temperature, ] it. U.S. Pat. No. 5,077,499 takes 
into consideration maximizing power delivery effectiveness by short stub tuning or use of a lumped element so 
that it may adjust a reactor impedance in a transmission-line impedance well. Those accompanying power 
division (attendant power splitting) There is no multipolar suggestion which has the point at issue. 
[0003] 

[Problem(s) to be Solved by the Invention] If, as for a plasma reactor chamber, the scale-up of the size is carried 
out, an electrode field will increase inevitably with the synthetic reduction in an electrode impedance. This 
mixes the difficulty of adjusting RF generator with a reactor chamber load, and produces the high resistance 
loss by the high current in an electrode supply line and an adjustment network as a result. In the reactor which 
has two or more powered electrodes, equalization of the power sent to each electrode element also becomes 
difficulty with the nonidentity impedance of an individual electric power supply line. In U.S. Pat. No. 
4,887,005, Rough (rough) has described the approach of the power allocation which equalizes the power sent to 
a multi-electrode system. In N electrode reactor, this approach needs N-l coil which consisted of binary tree 
structures to which all RF currents flow through the 1st coil which gets very hot and may need water cooling. 
The multiple level of a coil is needed with a certain power loss in each level to many electrodes. ; which is the 
parallel connection of the remarkable stray inductance from a long lead wire which needs the load seen from the 
adjustment network in all electrode impedances and a big reactor system — so, all the electrode currents are 
totaled in an adjustment network. This description sometimes needs use and those accompanying costs of the 
high current component in an adjustment network. Another fault will be 2 Ns if it desires to distribute RF 
energy equally to all electrodes. An electrode is needed. 

[0004] The purpose of this invention is offering the plasma reactor electrode structure which generates the big 
active electrode field which has a rear-spring-supporter equal plasma property in the magnitude of the front face 
of an electrode in view of the trouble of the conventional technique mentioned above. 
[0005] 

[Means for Solving the Problem] The above-mentioned purpose of this invention is equipped with at least one 
separation transmission line connected between a reactor chamber, RF generator, the electric adjustment 
network connected to RF generator, two powered electrodes or more arranged in a reactor chamber, and an 
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adjustment network and e^^^owered electrode, and each transmissio^^K is attained by the multi-electrode 
plasma reactor which has die length about equal to the quarter-wave length transmission line. The two or more 
transmission lines may consist of this inventions so that it may connect with at least one electrode at 
juxtaposition. The die length of each transmission line may consist of this inventions so that it may be in 5% of 
the die length determined experimentally [ the quarter- wave length transmission line ]. The die length of each 
transmission line may consist of this inventions so that it may be in 2% of the die length determined 
experimentally [ the quarter-wave length transmission line ]. this invention — at least one transmission line — a 
quarter-wave length line — it is — and at least one transmission line — a 3/4-wave line — it is — the opposite pair 
of an electrode ~ the phase of an electrical potential difference — 180 degrees — shifting — between 
counterelectrodes — the plasma — difference ~ you may constitute so that it may excite-like. 
[0006] In order to control formation of the plasma by inter-electrode, at least two electrodes may consist of this 
inventions so that a sufficiently small gap may dissociate. The purpose of this invention mentioned above has 
the 1st edge where each transmission line is electrically connected to said adjustment network at a common 
electrical installation point with other 1st edge of other transmission lines. Moreover, each transmission line It 
has the 2nd edge connected to one of the electrodes. Each transmission line It is attained by the power allocation 
system equipped with the multi-electrode plasma reactor which are N= 0, 1 and 2, and and is the wavelength 
of the electrical potential difference on which lambda has spread the inside of this transmission line and which 
has die length about equal to lambda (2N+l)/4. in this invention, each electrode is in phase and carries out an 
electric power supply — having — and the die length of each transmission line — K= 0, and 1 and 2 — formula 
which is ... You may constitute so that about equally to the value chosen from K lambda+lambda / 4. in this 
invention, each electrode is in phase and carries out an electric power supply — having — and the die length of 
each transmission line — L= 0, and 1 and 2 — formula which is ... You may constitute so that about equally to 
the value chosen from Llambda+3 lambda/4. Stem. 

[0007] Furthermore, the purpose of above-mentioned this invention is the approach of generating the rear- 
spring-supporter equal plasma to a big electrode surface relatively in a reactor chamber. Establish and fit in two 
or more powered electrodes in a reactor chamber, and a powered electrode is estranged so that the gap below 
the dark space gap to the plasma formation conditions of a reactor chamber may be generated between the edge 
parts which each powered electrode adjoins. It is attained also by the approach of providing the phase which 
supplies power to each powered electrode through at least one quarter- wave length transmission line so that the 
equal plasma may be generated over the joint front face of all electrodes. 
[0008] 

[Function] In order to attain the equal plasma allocation in the plasma chamber which has a multiplex powered 
electrode, the optimized transmission line whose die length of each transmission line is odd times [ one fourth 
of] the wavelength of the electrical potential difference which has spread the inside of the transmission line is 
used. The effectiveness of a big electrode of having rear-spring- supporter equal plasma allocation on the front 
face is generated by using two or more electrode segments by which an electric power supply is carried out with 
the quarter-wave length transmission line of the same die length, in order that an alternative example may make 
impedance matching easy — each electrode — the two or more transmission lines — using — and a 
counterelectrode configuration — difference — in order to excite-like, that which is odd times the quarter-wave 
length transmission line from which die length differs by 1/2 wave of odd times is used. Probably, the above 
and other purposes, the description, and advantage of this invention will be clear from the following explanation 
of the desirable example which refers to two or more attached drawings. 
[0009] 

[Example] It is desirable to attain the equal plasma controlled over two or more powered electrodes (powered 
electrodes) within the plasma chamber. When such equal plasma is generated, that it should act as one big 
electrode which has the rear-spring-supporter equal plasma, it is constituted and two or more electrodes are sold 
to the whole field. This invention also attains convenient impedance conversion by supplying a current equal to 
each powered electrode by using the quarter-wave length transmission line which such two or more electrodes 
by which the electric power supply was carried out equally, and the electrode of the output of a standard 
adjustment network to a plasma reactor pass, respectively, and is emitted. The quarter-wave length transmission 
line is the transmission line which has die length equal to one fourth of the wavelength of the electrical potential 
difference which has spread the inside of the transmission line (it is (like a coaxial cable)). However, in this 
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application, the definition ^Jn item "the quarter-wave length transmis^RTline" is;, i.e., the wavelength of an 
electrical potential difference which is generally lambda (2N+l)/4, and has spread lambda through a line here, 
extended so that the transmission line which has all the die length of the quarter of the wavelength of the 
electrical potential difference which has spread the inside of the transmission line equal odd times may also be 
included, and are N= 0, 1 and 2, and ... By equiphase (it is hereafter called an inphase), to two or more 
electrodes by which an electric power supply is carried out, generally, it follows lambda/4, lambda+lambda/4, 
and that they are k= 0, 1 and 2, and and the transmission-line die length which can be received should be 
understood k lambda+lambda / 4, and here. In addition, inphase power allocation is similarly attained by using 
die length 31ambda/4, lambda+3 lambda/4, and two or more transmission lines that generally have L= 0, 1 and 2, 
... Llambda+31ambda/4, and here, the important description of inphase electrode power allocation is having 
equivalent die length about the phase of the electrical potential difference supplied to an electrode, respectively 
of the transmission line, and was mentioned above — as — the die length of such the transmission line — the 
quarter- wave length transmission line — it should be — it is specified here. The following easy analyses are 
offered in order to prove the advantage matched with use of the quarter-wave length transmission line. 
[0010] Quarter- wave length the non-lost transmission line changes load impedance Zload in an end into 
Zchar2 / Zload by the other end. Here, Zchar is a transmission-line characteristic impedance. When it assumes 
that Zload consists of complex impedance x-jy, the load which is showing in the transmission line is : [001 1] 
which is as follows. 
[Equation 1] 



bar 

- * (1) 



Zj, tJ x- j y 



It is : [0012], when it solves in order to obtain real part and imaginary part. 
[Equation 2] 

Z e bar * 

Z.o.ie. = (x+jy) 5£ (2) 

x 2 + y 2 



The power supplied to the line if the electrical potential difference V was impressed to the edge by the side of 
opposite [ of a line ] (opposite) from the load is : [0013]. 
[Equation 3] 

v 

Power = 1 2 R = ( ) 2 Re (Z f0 .rtc) 

I Z l0iree I 
V 2 x 

— Zektr j£ (3) 

<x+ J y) x 2 +y 2 

I Z ekir 2 I 2 

x 2 +y 2 



Here, Re (Zsource) is the real number component of the changed load impedance. This is : [0014] simplified as 

follows. 

[Equation 4] 

( ) 8 x 5S (4) 

Zeltt 



The power in a load edge is : [0015] equal to the power to the inside of the reverse (opposite) edge of a non-lost 
line which can write the following quality (quality) since it will not become if it kicks. 
[Equation 5] 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/16/2005 



JP,08-008096,A [DETAILED DESCRIPTION] 



Page 4 of 8 



I I e • d * X — (~ 



z« 



5* (5) 



Or [0016] 
[Equation 6] 



Iio.d = 56 (6) 



Here, it turns out that it depends for the load current only on the electrical potential difference supplied to other 
edges of the transmission line, and the characteristic impedance of a line. Therefore, a common electrical- 
potential-difference node and the multiplex quarter-wave length transmission line which has one of the edge of 
that connected to the output of an adjustment network in this case supply all equivalent currents by those other 
ends independently with the impedance of termination. So, the difference of a supply line impedance to two or 
more electrodes has the minimum effectiveness in the power division into an electrode. Since a property plasma 
impedance is increased to a more convenient value to an adjustment network that the cost of this component of 
a system should be reduced in current stress and a power loss list, the impedance-conversion property of the 
quarter-wave length transmission line can be used. If power is sent to many electrodes without impedance 
conversion, as for the lead wire to the point distributing [ common ], the sum total of all the electrode currents 
will be conveyed. This is hundreds of A of RF current in a big system easily, and it deals in it. Accompanying 
loss and heating by it become a problem important for the designer of a system. However, the quarter-wave 
length transmission line has the impedance-conversion property mentioned above, namely, for an adjustment 
network, each is Zchar2 / Zloadn. It operates by the load which consists of a juxtaposition section of the line 
showing a load. Here, it is Zloadn. It is RF impedance of the n-th electrode. If a transmission-line characteristic 
impedance is larger than the magnitude of the impedance of a load, effectiveness is increasing the impedance of 
the edge of the quarter-wave length transmission line which an adjustment network's supplies. This decreases a 
current and reduces the loss and heating in an adjustment network component. It turns out that it is required to 
choose the characteristic impedance of a line from the explanation mentioned above so that the increment in the 
magnitude of the load impedance seen in an adjustment network may be attained, in order to use impedance 
conversion, however — if a too much big conversion rate is chosen — the standing wave of the transmission line 
— excessive — becoming — and — otherwise, it is attained — high loss is brought about as a result rather than I 
will come out. Moreover, the twist in which a network can accept the impedance of the parallel connection of 
the changed load can also become high. Real part (real part) cannot adjust the community M L" network used by 
the Prior art for a larger load than the source impedance of a generator. A transmission-line impedance is 
adjusted to extent by using the parallel multiplet line, and it deals in it. When used with this fashion, association 
acts as the one transmission line which has a characteristic impedance equal to the single line impedance 
divided by many lines. 

[0017] The technique of dividing an active planar electrode with a big plasma reactor chamber into the array of 
the smaller electrode with which power is supplied according to an individual which approached extremely and 
has been arranged so that the front face of a desired active field may be formed also contains this invention. As 
these small plates were mentioned above, RF energy is supplied from much quarter-wave length transmission 
lines. Even if makes an invalid effect (effectiveness) which encounters when the individual field of an active 
electrode surface is restrained that an equivalent current should be shared and supplies power to the electrode of 
a big field by that cause and which was known well, namely, the advantage of this approach tends to be 
positioned to the fixed field to which an electrode has glow discharge and a discharge phenomenon has it in 
coincidence in other fields, I hear that it is only mere a few, and there is. This produces the non-uniformity of 
the processing covering the magnitude of a workpiece as a result. Effective use of the segmented electrode is 
below; (dark space gap), i.e., a 2 inter-electrode dark space gap, that needs a fully dense thing so that spacing 
between the adjoining electrode segments may prevent inter-electrode plasma formation. Even when the total 
electrode field is larger than it which can usually support equal glow discharge to Haruka, homogeneity is equal 
over the whole electrode using this approach of electrode segmentation (homogeneous uniform). Glow 
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discharge is attained. This^J^oach by combination with the power allWRon scheme mentioned above also 
has the water-cooled needlessness in the equal power allocation and high power (high power) effectiveness 
covering an electrode field, adjustment, and an allocation system, the ease of an assembly which has a critical 
non and assembly part, easy expandability, and the advantage of RF shielding demand which is not complicated 
while having the advantage which uses a single RF generator and a single AF-driving-power adjustment 
network. The desirable example of this invention is explained with reference to the drawing attached to below. 
[0018] Drawing 1 shows the high-frequency RF excitation plasma system of the general conventional 
technique. The RF generator 10 is grounded by 1 side 11, and, generally has the 50 ohms (omega) source 
impedance 12. The grounded plasma chamber 13 contains the powered electrode 14 which discharge generates 
in the meantime, and the grounded electrode 15. The plasma is a phantom (phantom) showing sheath 
electrostatic capacity and plasma resistance. A model can be electrically made as the shown series capacitor 16 
and resistance 17. In order to combine maximum energy from a generator to a reactor, and to change a plasma 
load to a generator impedance, the adjustment network 1 8 is used. In a big electrode surface field, the 
equivalence plasma resistance 17 is 50 ohms or less, and an L type adjustment network is often used. This 
contains the input capacitor 19 and the serial inductance 20. Although the specific implementation and the 
topology of an adjustment network are not important, L rear rye ZESHON is used for them here for explanation. 
Drawing 2 shows the equivalent system which has the addition of the quarter- wave length section 25 linked to 
the output, the adjustment network 22, and the powered electrode 35 of a generator 21 . The conversion 
effectiveness of the quarter-wave length line 25 (transforming effect); equal circuit explained by permuting the 
component of details 2a in an equal circuit is shown in drawing 3 . In drawing 3 R> 3, a generator 40 is adjusted 
by the network 42 for the maximum-electric-power transfer to the equivalence load of details 2a expressed with 
the serial inductor 44 and resistance 45. : which can be solved as follows to equivalent resistance 45 using the 
notation specified as mentioned above if a formula (2) is used [0019] 
[Equation 7] 

x 3;;ifctt x 

x* + y 2 I Z l0< « I s 

An equivalent reactance 44 is this appearance.; 

[0020] 

[Equation 8] 

y 

x 2 +y 2 



It comes out, it is, therefore since y is a forward amount, it is inductivity. Notation x and y correspond to the 
resistance 34 of details 2a, and the impedance of a capacitor 33. The rate of impedance conversion to the 
adjustment network output from a plasma load is the square of the rate (ratio) of the characteristic impedance of 
the transmission line to the magnitude of load impedance. The load of an impedance lower than a line brings 
about increase of the impedance changed in the adjustment network, and, so, produces reduction of the current 
in a network as a result. Since the changed load is inductivity here, in a certain case, the serial inductor of the 
adjustment network 42 needs to actually have negative or capacitive reactance, and is sold to it. This is easily 
attained in the general network where the inductor which can be aligned is emulated by a variable capacitor and 
the in-series fixed inductor. 

[0021] Drawing 4 shows the example of four electrodes of this invention, and also expresses the segmented 
application of a big electrode which was mentioned above. The RF electric power supply (RF power source is 
called hereafter) 100 carries out feed of the adjustment network 102. The output of the adjustment network 102 
carries out feed of the four quarter- wave length coaxial lines 105, 106, 107, and 108 which distribute power to 
the segmented electrode which consists of sections 111, 112, 113, and 1 14 of the grounded plasma chamber 
110. The gap 109 between;, i.e., the contiguity edge of a powered electrode, densely estranged inside the reactor 
in order that an electrode may function as a single big field electrode is below a dark space gap. The non- 
conductive sheet 115 insulates an electrode from a chamber wall, and supports. Shielding of a coaxial line is 
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grounded by the chamber ^^fee end, and is connected to an adjustmen^fcwork case by the other end. if RF 
power source assumes that power is generated in 13.56MHz — the wavelength — the inside of a vacuum — about 
72.6 feet (about 22.1m) (it is .) When RG217 coaxial cable which has 66% of phase- velocity reduction is used, 
the die length of one full wave in a coaxial cable is about 48 feet (about 14.6m), and the die length of the 
quarter- wave length transmission line is about 12 feet (about 3.7m). Using the structure shown in drawing 4 , 
four electrodes of 17 inch (about 43.2 centimeters) xl8 inch (about 45.7 centimeters) magnitude are located in a 
line with about 0.1 inches gap by each inter-electrode one, and alignment of each is carried out, and the four 12 
foot (about 3.7m) coaxial transmission lines are connected between an adjustment network and each of four 
electrodes. As [ generate / by the whole joint surface field of four electrode segments 111, 112, 113, and 114/ 
as for the operating characteristic of this electrode configuration / the rear-spring-supporter equal plasma ] 
[0022] Although drawing 5 is another example of the system shown in drawing 4 , it draws what uses the DC 
blocking capacitors 116, 117, 118, and 1 19 for each electrode in order to make the electrode according to each 
assume the auto-bias potential of itself. Giving that this prevents a workpiece and the abnormality discharge 
phenomenon in the chamber wall of the chamber of especially big size was found out. A suitable blocking 
capacitor is an American technical ceramic corporation (American Technical Ceramics Corporation) in New 
York State and Huntington Station (Huntington Station). They are the low loss of range of 2,000 to 10,000 
picofarad like ceramic capacitor model ATC100E manufactured, and a high current RF capacitor. Drawing 6 
shows use of the multiplex cable for obtaining the cable of a low characteristic impedance. Again, a generator 
120 is adjusted by the load changed by the adjustment network 121 . An adjustment network output is supplied 
to the plasma chamber 122 which has the division electrode 123 including sections 124 and 125. Power is 
supplied for power to an electrode 124 from the lines 126 and 127 of two parallel equal die length by the lines 
128 and 129 of two equal die length also with this parallel [ reception and an electrode 125 ]. In order to 
generate the example shown in drawing 6 , the detailed example shown and mentioned above to drawing 4 is 
changed into two 17x36 inch electrodes that the two 12 foot length coaxial transmission lines which supply 
power should be used. 

[0023] the difference by which the metal reactor chamber 132 has been arranged at the insulating plates 135 and 
136 although, as for drawing 7 , the generator 130 and the adjustment network 131 were constituted like 
[ former ] — another alternative example which consists of electrodes 133 and 134 excited-like is shown. The 
output of the adjustment network 131 drives the two coaxial transmission lines (137 138), 137 in which one side 
has the die length of quarter- wave length, and 138 in which another side has 3/4 wave of die length. ;138, i.e., a 
line, as which it is specified here rather than a quarter-wave length line that the die length of the 3/4-wave 
transmission line is lambda/2 of what is odd times longer is [ lambda (2M+l)/2 ] longer than a line 137. Here, 
they are M= 0, 1 and 2, and ... Since the die length of a 3/4-wave line is contained in an odd times as much set 
as a quarter- wave length line, a current share and its impedance-conversion property are equal, however, 
excessive half wave delay of a 3/4-wave line — this example — difference — the phase shift of 1 80 degrees used 
since an electrode is driven-like is brought about. The specific example shown in drawing 7 uses the 2nd 
transmission medium which has the 1st transmission medium and die length of 36 feet which supply power, and 
which have die length of 12 feet for the opposite rectangle electrode of the magnitude whose each is 17 inch 
xl8 inch using the specific power source and specific component which showed to drawing 4 and were 
mentioned above in the detail. 

[0024] When applying the standard high-frequency (for example, 13.56MHz) plasma generating approach to 
the big plasma reactor which has the electrode (the longest dimension is larger than about 30 inches) of the 
equivalent large point, it becomes still more difficult to obtain rear-spring-supporter equal plasma allocation on 
the surface of an electrode. This is mainly based on the effect of the standing wave of an electrode surface, 
when the dimension approaches a part with the considerable wavelength of excitation voltage (appreciable 
fraction). These standing waves produce un-homogeneity electrical-potential-difference allocation as a result 
along with an electrode, and, thereby, bring about the non-uniformity of the plasma. However, if it is used 
instead of the small mosaic of the electrode insulated electrically being a single big electrode and RF energy is 
equally impressed to each component of a mosaic, it is possible to attain the quite equal plasma over a big 
electrode field. Drawing 8 shows the mosaic containing six rectangle electrodes 140 which have the power 
transmission line 142 with which each fitted into it and which were isolated electrically. These electrodes 140 
are arranged on the insulating front face 145, and are constituted as a single dimension or 2-dimensional tile by 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/16/2005 



JP,08-008096,A [DETAILED DESCRIPTION] 



Page 7 of 8 



the desired magnitude and^^^iesired configuration over application (t^^-dimensional thing is shown in 
drawing 8 ). The edge of the contiguity electrode 140 is positioned in the mutual dark space gap 144 (about 0.1 
inches), and this bars the enhancement of the glow discharge in the gap 144 which is disadvantageous to glow 
uniformity. Power equivalent [ if each electrode 140 is the thing of an equivalent field as shown in drawing 8 ] 
to all electrodes in order to realize the maximum plasma homogeneity should be distributed. Rough which was 
indicated by the quarter-wave length transmission-line allocation system or U.S. Pat. No. 4,887,005 shown here 
(Rough) A technique like a balun scheme can be used that it should harmonize with this demand in respect of a 
powered electrode equally. An electrode configuration like a triangle, a square, and a hexagon is also in the 
criteria of this invention. 

[0025] In addition, it is foreseen that there may be use of the electrode 140 of un-EQC magnitude to specific 
application. In this case, it is only required to carry out the scale of the power sent to the electrode 140 
according to each in the field of that electrode, and to be maintained as the dimension of the largest electrode is 
smaller than wavelength. The power allocation technique mentioned above about drawing 6 can be used to the 
power allocation to the electrode of different magnitude. Although it is most desirable to use the transmission 
line which has the electrical length of a quarter- wave length line, it is often impossible to get to know correctly 
of which die length the transmission line attains this die length most correctly beforehand with the cable loss 
and other parameters used as the cause which separates from a theoretical ideal. The experiment for determining 
the die length of a format [****/ the cable (it has the specific loss matched with the specific ingredient a 
dimension, and other parameters) which constitutes the quarter-wave length transmission line (die length 
determined experimentally) ], or a product is a desirable approach for reaching an optimal result. It is 
experience of an artificer that the result considerably improved by change of that change of 5% or less of 
transmission-line die length from the die length determined experimentally supplies the equal plasma which has 
the power demand which can be received, and which can be received, and 2% or less of line die length is 
attained. 

[0026] Although especially this invention was shown with reference to a certain desirable fixed example and it 
was explained, various alternatives and modification in form and details being made in it, and getting will be 
understood by this contractor. Therefore, it plans to cover all alternatives and modification that may have the 
attached claim in the true pneuma of this invention, and criteria. 
[0027] 

[Effect of the Invention] The multi-electrode plasma reactor of this invention A reactor chamber and RF 
generator, The electric adjustment network connected to RF generator, and two powered electrodes or more 
arranged in a reactor chamber, It has at least one separation transmission line connected between an adjustment 
network and each powered electrode. Each transmission line Since it has die length about equal to the quarter- 
wave length transmission line, the equal plasma controlled over two or more powered electrodes within the 
plasma chamber can be attained. When such equal plasma is generated, two or more electrodes act as one big 
electrode which has the rear-spring-supporter equal plasma in the whole field. Moreover, convenient impedance 
conversion can also be attained by supplying a current equal to each powered electrode by using equally the 
quarter-wave length transmission line which such an electrode of powered plurality and the electrode of the 
output of a standard adjustment network to a plasma reactor pass, respectively, and is emitted. The power 
allocation system of this invention has the 1 st edge where each transmission line is electrically connected to 
said adjustment network at a common electrical installation point with other 1st edge of other transmission 
lines. Moreover, each transmission line It has the 2nd edge connected to one of the electrodes. Each 
transmission line Since it has the multi-electrode plasma reactor which are N= 0, 1 and 2, and and is the 
wavelength of the electrical potential difference on which lambda has spread the inside of this transmission line 
and which has die length about equal to lambda (2N+l)/4 When the equal plasma controlled over two or more 
powered electrodes within the plasma chamber can be attained and such equal plasma is generated, two or more 
electrodes act as one big electrode which has the rear-spring-supporter equal plasma in the whole field. 
Moreover, by supplying a current equal to each powered electrode, the transmission line which has all the die 
length of the quarter of the wavelength of the electrical potential difference which has spread the inside of the 
transmission line which such two or more electrodes by which the electric power supply was carried out 
equally, and the electrode of the output of a standard adjustment network to a plasma reactor pass, respectively, 
and is emitted equal odd times can also be included, and convenient impedance conversion can also be attained 
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by using it. 

[0028] Furthermore, the approach of generating the rear-spring-supporter equal plasma to a big electrode 
surface relatively in the reactor chamber of this invention Establish and fit in two or more powered electrodes in 
a reactor chamber, and a powered electrode is estranged so that the gap below the dark space gap to the plasma 
formation conditions of a reactor chamber may be generated between the edge parts which each powered 
electrode adjoins. Since the phase which supplies power to each powered electrode through at least one quarter- 
wave length transmission line is provided so that the equal plasma may be generated over the joint front face of 
all electrodes While having the advantage which uses a single RF generator and a single AF-driving-power 
adjustment network It also has the water-cooled needlessness in the equal power allocation and high power 
effectiveness covering an electrode field, adjustment, and an allocation system, the ease of an assembly which 
has a critical non and assembly part, easy expandability, and the advantage of RF shielding demand which is 
not complicated. 

[Translation done.] 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 5 ] 
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